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Abstract 
MANET (Mobile Ad-hoc Network) is a mobile multi-hop wireless self-organized distributed ad-hoc network thatdoes not require 
the basic internal construction. Routing in MANET is a challenging problem which draws researcher’s vision, due to nodes 
mobility, dynamic topology and lack of central point like base station or servers. Clustering of devices in MANET could reduce 
overhead, flooding and collision in communication and make the network topology more stable. The ABC (Artificial Bee 
Colony) algorithm is a new meta-heuristic population based optimization technique inspired by the intelligent foraging behavior 
of honeybee swarms. In this paper, a new general framework has been proposed for achieving QoS which provides a cluster 
based routing and applies Artificial Bee Colony optimization Technique for effective optimal route discovery in MANET. It 
works on the principle of collective intelligence and emergence of artificial honey bees. It’s application in ad-hoc networks 
involves swarming agents (honey bees) hopping node to node, analyzing a set of  variables exposed by the nodes and provide the 
optimal path and minimize the routing overhead and also provides QoS guarantees with an ability for minimal end-to-end delay 
and enhanced scalability. 
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1. INTRODUCTION 
Ad-hoc wireless networks are increasing in popularity, due to the spread of laptops, sensor devices, PDAs and 
other mobile electronic devices. These devices will eventually need to communicate with each other, in some cases, 
without an adequate infra structure to rely on[1] [2]. That’s why we need routing protocols that can work without 
any central gateway to connect with. 
Clustering provides scaling and eases in routing with efficient resource management in mobile ad hoc networks 
(MANET)s [3] [4].At the same time, swarm intelligence has been used to solve optimization problems applied to 
ad-hoc networks. Routing is one such optimization problem where swarm intelligence has been applied.  
In this paper a new frame work has been proposed which divides the entire network into clusters and uses the 
Artificial Bee Colony Optimization algorithm to find the optimal and best path and guarantees the QoS. In sections 
2 and 3, Clustering techniques and Artificial Bee Colony algorithms have been articulated. In section 4 the 
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framework for novel adaptive Clustered ABC based Routing method has been proposed and the efficiency of the 
new proposed routing method has been discussed and in section 5 finally the paper was concluded.       
2. CLUSTERING 
A cluster is a group of linked nodes, working together closely so that in many respects they form a single 
network, in which, all nodes works together for same purpose and belongs to same topological structure. 
 In highly dynamic mobile ad-hoc networks, where routing is a major problem for interrupted communication, 
clustering helps in maintaining a relative stable effective topology [5] [6].As mobile nodes move around in the 
network, the structure of cluster changes according to the specified criterion in the algorithm and in large network, 
complete information is maintained within cluster using proactive routing algorithms that is intra-cluster routing 
while the inter-clustering routing is achieved by using reactive routing algorithms.In cluster structure a Cluster head 
is allocated to each cluster for performing various task of inter and intra cluster maintenance. The performance of a 
cluster also depends upon the number of cluster member nodes in the cluster. 
Basic terminology: 
Cluster: It refers to a collection of nodes, grouped for the functioning for same purpose. 
Cluster Head (CH): Cluster head is a special node which has certain extra responsibilities. All the information is 
passed through this node only. 
Cluster Gateway (CG): A node which is common member of more than one cluster is called as Cluster Gateway.    
Cluster Member Node (CMN): The nodes which are the member of a cluster.  
 
 
 
 
Fig. 1. Cluster Structure of a Network   
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Benefits of Clustering: 
 The size of routing table in each and every node in the network is reduced by clustering method 
 Routing overhead is minimized 
 Network management is made ease 
 Provides QoS guarantees 
 Provides localized route discovery/recovery to minimize route and QoS re-establishment delay. 
 End-to end delay is reduced 
 
3. ARTIFICIAL BEE COLONY ALGORITHM 
Artificial Bee Colony (ABC) algorithm, proposed by Karaboga in 2005 for real parameter optimization, is a 
recently introduced optimization algorithm and simulates the foraging behavior of bee colony [7][8][9].The minimal 
model of swarm-intelligent forage selection in a honey bee colony that ABC algorithm adopts, consists of three 
kinds of bees: employed bees, onlooker bees, and scout bees. Half of the colony comprises employed bees and the 
other half includes the onlooker bees. Employed bees are responsible from exploiting the nectar sources explored 
before and giving information to the other waiting bees (onlooker bees) in the hive about the quality of the food 
source site which they are exploiting. Onlooker bees wait in the hive and decide a food source to exploit depending 
on the information shared by the employed bees. Scouts randomly search the environment in order to find a new 
food source depending on an internal motivation or possible external clues or randomly.  
 
Main steps of the ABC algorithm. 
 
(1) cycle = 1 
(2) Initialize the food source positions xi, i  = 1, . . . SN 
(3) Evaluate the nectar amount (fitness function fiti) of food sources 
(4) Repeat 
(5) Employed Bees’ Phase 
For each employed bee 
Produce new food source positions Vi 
Calculate the value fiti 
Apply greedy selection mechanism 
End For. 
(6)Calculate the probability values pi for the solution. 
(7) Onlooker Bees’ Phase 
For each onlooker bee 
Chooses a food source depending on pi 
Produce new food source positions Vi 
Calculate the value fiti 
Apply greedy selection mechanism 
End For 
(8)Scout Bee Phase 
If there is an employed bee becomes scout 
Then replace it with a new random source positions 
(9) Memorize the best solution achieved so far 
(10) cycle = cycle +1. 
(11) Until cycle = Maximum Cycle Number 
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4. FRAMEWORK OF CLUSTERED ABC ALGORITHM BASED ROUTING   
4.1 BASIC STEPS: 
 The purpose of Clustering is to construct a scalable network with quality repairable routing path for 
maintenance. For scalability purpose, the network is divided into several clusters and proactive routing protocol is 
adopted inside the clusters and reactive routing protocol is adoptedoutside the clusters. When two mobile nodes 
communicate with each other, the connecting path between source and destination may be from one cluster or 
through several intermediate clusters. Therefore, the maintenance and management efforts can be distributed into 
several intermediate clusters. 
The Working of Clusters: 
Initially all the nodes in the network are in state none. Then the whole ad hoc network is clustered using a 
clustering algorithm for selecting Cluster Head and Gateway Nodes.After the initial cluster formation, the honey 
bees are generated and used for maintaining the cluster and for disseminating the information for cluster and 
network updates. 
4.2 FORMATION OF CLUSTERS: 
 A clustered network is formed, when the mobile nodes start discovering each other. The discovery process 
can be initiated by any node at an application level program or may be initiated by end user. 
 During initial setup, each starts discovering other nodes by broadcasting HELLO message in the network. 
All of the receiving nodes start the discovery process and broadcast HELLO message. All nodes in the network 
become aware of other node’s information by this way.In Clustering approach, nodes are split into different groups. 
Each group has a cluster head which is elected by member of that group and acts as a regional broadcast node.
 For the selection of Cluster Head, each node within a cluster is one hop away from the cluster head. For 
cluster head, the node must have maximum number of nodes at one hop distance and should have the highest 
degree. (Degree refers to the number of neighboring nodes which are within transmission range of a node.) 
 
Three algorithms used for Cluster Head selection are: 
 Lowest ID algorithm 
 Higher Degree Algorithm  
 LCC (Least Cluster Change) algorithm 
 
In the Lowest ID algorithm, a node becomes CH if it has the lowest ID among all its neighbors. In the highest 
degree algorithm, a node with a degree greater than the degree of its entire neighbor becomes the cluster head. In 
LCC algorithm, CH changes occur only if a change in the network causes two cluster head to come into one cluster 
or the nodes moves out of range of all the cluster heads.When the cluster ID of a node and its neighboring nodes are 
null, the node broadcast degree information to all its neighbors.  
The node that is not member of any cluster and receives degree information from its neighbor will broadcast 
degree information to all its neighbors again. After this procedure, the node whose degree is greater than its all 
neighbors will be a Cluster Head and all the nodes located at one hop distance to CH are the CMN of that cluster. 
The nodes which are common in two or more cluster become the CG nodes.  
4.3 CLUSTERED ABC BASED FRAMEWORK: 
 Within each cluster the information is disseminated by employee bees. This employee bee is capable of 
navigating through the underlying cluster Head and performs various tasks at each node independently.
 Application of Artificial bees is a good way for topology discovery within cluster rather than disseminating 
beacon packet within the entire network for updated information. The employee bees hop from node to node, collect 
information from these nodes. 
Each onlooker bee selects a source depending on the quality of the solution, produces a new source in 
selected source site and exploits the better source with the information derived from the employee bees.A node 
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therefore receives updated information about the nodes within the cluster from the employee bees visiting them at 
short regular intervals.Initially when the clusters are formed, all the nodes are just aware of their own neighbors, and 
their CH. These nodes are in null state regarding the other nodes in the Cluster. However with artificial bees’ 
navigation beginning, the nodes slowly get information about the other nodes and their neighbors. 
Each node at its start up process generates a random number. If the number is odd, then the nodes flood an 
onlooker bee in the network. These onlooker bees visit the CH node of the cluster and then copy the information 
from CH about the nodes within the cluster and their range and other required information for further processing of 
the navigation process. The CH of the cluster also makes an entry about the employee bee for maintaining the bees’ 
population within the cluster. 
 In order to maintain updated information, a variable for maintaining recency information with each 
employee bee is used.This recency counter is initialized to 0 for an employee bee. When an employee bee leaves a 
node, after completing all its tasks at the node, its recency counter in incremented by one and store the new value of 
the incremented recency counter against the node’s ID within its data structures and continues navigation within the 
cluster. The value of the recency counter for any node gives the count for the node that was visited by bees. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Optimization procedure of the Clustered ABC algorithm 
New food source is produced for each 
employee bee 
Compare the fitness of the food sources  
Exploitation of the food sources by On Looker 
Bees or production of new sources 
Determine the abandoned food source and 
replace it by the best one  
Is Criteria 
met? 
Terminate the Process 
Initial Cluster formation of network 
No 
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 On collecting all the information from the employee bees, the Onlooker bee compare the recency values 
stored against each node to find out that which employee bee consist more recent value for that node. 
The node with lowest magnitude value of recency variable is chosen by the employee bees to visit and 
update the values at node as well as their data structure in order for uniform Updation within the cluster. 
Whenever an employee bee visits a node, it compares its recency data structure with the node data structure 
and the old value is replaced with the updated value at either of the data structure. The same process is repeated for 
each employee bee by the control of Onlooker bees.  
While updating the recency data structure the recency value is incremented for each updating of node. The 
Onlooker bees visit the CH and CG nodes at regular interval of time for making the inter and intra clustering data 
structure updated. 
 
5. CONCLUSION 
 In this paper, a study on the performance of Artificial Bee Colony algorithm and Clustering techniques 
were made. Based on their features a novel adaptive Artificial Bee Colony optimization frameworkwith cluster 
based environment was proposed to provide scalability and guarantees QoS by minimize the cluster maintenance 
overhead by using employee and Onlooker bees with nodes in the cluster.  The above framework can be enhanced 
and implemented for the real time environment. 
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